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1 Introduction 



In recent years, the study of D-branes ]|] has led to a resurgence of interest in 
theories of superparticles in various dimensions, as DO-branes are massive superpar- 
ticles. Of particular interest in this context is the development of exact solutions 
of supergravity theories that contain a superparticle. The list of solutions is quite 
meagre: very few exact non-trivial classical solutions to supergravity theories are 
known (a list is given in ref. 0) and exact superspace supergravity solutions were 
non-existent. 

This latter situation has recently changed @. By considering a theory of a mas- 
sive superparticle coupled to a version of two-dimensional (1,1) dilaton supergravity, 
we obtained exact classical superspace solutions for the superparticle worldline and 
the supergravity fields. Finding non-trivial solutions (those that cannot be reduced 
by infinitesimal local supersymmetry transformations to purely bosonic solutions) 
to classical supergravity theories is a difficult task, even in two dimensions. The 
(non)-triviality of a solution can be determined by the method given in ||, which 
requires solving a differential equation for an appropriately well-behaved infinitesi- 
mal spinor. However, it is possible to sidestep this procedure by examining classical 
supergravity problems in superspace |§]. A bona fide superspace supergravity solu- 
tion - one which satisfies the constraints - has nonzero torsion beyond that of flat 
superspace. The torsion is a supercovariant quantity, and as such its value remains 
unchanged under a gauge transformation. Hence any exact superspace solution with 
non-zero torsion must necessarily be non-trivial in this sense. 

We take this approach in the present paper. Motivated by the above, we consider 
(1, 1) supergravity in (1 + 1) dimensions with a cosmological constant, both with and 
without coupling to a massive superparticle. The theory then essentially becomes 
that of a superLiouville field (a dilatonic theory of supergravity), with a possible 
superparticle coupling. 

For the supergravity part of the theory, we consider as before a supersymmetric 
generalization of the (1 + 1) dimensional "R=T" theory, in which the evolution of 
the super gravitational fields are determined only by the supermatter stress-energy 
(and vice versa). This ensures that the dilaton field classically decouples from the 
evolution of the supergravity/matter system, resulting in a two-dimensional theory 
that is most closely aligned with general relativity. We obtain non-trivial solutions 
for the supergravity compensator for the cases of cosmological (1, 1) supergravity 
(with and without a massive superparticle). For the case with the superparticle, we 
construct a model of a supersymmetric cosmological black hole. 

The outline of our paper is as follows. In section 2, we review the bosonic solution 
for cosmological dilaton gravity (with and without coupling to a massive particle) 
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and discuss the respective spacetimes. In section 3, we outline the compensator 
solution for cosmological dilaton (1,1) supergravity, with no superparticle coupling. 
In section 4 we describe the superparticle coupled to supergravity in superconformal 
gauge. In section 5 we give the solution for the supergravity compensator in the 
presence of this superparticle (details can be found in the appendix) and discuss the 
results. In section 6 we give the supercoordinate transformations from superconfor- 
mal to "super" Schwarzschild gauge, from which we construct the super black hole 
models. In section 7 we present some concluding remarks. 



2 Cosmological Dilaton Gravity 

We start by presenting the bosonic case, that of a massive point particle interacting 
with dilaton gravity. This has been done in ||, but we briefly review the situation 
here as it is simpler than the supersymmetric case, and illustrates the basic ideas. 
We then transform the result from Schwarzschild gauge to conformal gauge, and 
explicitly exhibit the requisite coordinate transformation in order to make contact 
later on with the supersymmetric case. We find it is necessary to solve the corre- 
sponding supersymmetric theory in superconformal gauge from the beginning, and 
transform in the opposite direction to "super" Schwarzschild gauge afterwards. 



We consider the action for R = T theory, which is 

1 



S = S G + S M = 7T- / d X 
Ik 



- g ^R + l -{y^f)- K C M 



(2.1) 



where the gravitational coupling k = 8nG. The action ( p.l| ) ensures that the dilaton 
field ip decouples from the classical equations of motion which, after some manipu- 
lation, are 



R = kT» (2.2) 
- (V^V^V - ^(WO 2 ) - V M V^ + g^V 2 ^ = kT^ u (2.3) 

where T M „ = y=f^7 is the stress-energy tensor and R^ = dxT^ u -d u T^ x -T^ a T a Xu + 
r^T'^, is our convention for the Ricci scalar. 

Here we take the matter Lagrangian to be that of a cosmological constant, Cm = 
— ^—gA, so that T^ u = ^g^ u A. In conformal coordinates where ds 2 = e 2p dx + dx~ 
equation ( |2.2| ) becomes 

3 + d-p = --Ae 2p (2.4) 
8 

which is Liouville's equation. This equation also follows directly from the action 
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Q2.1p written in conformal coordinates: 



S = — I d 2 x 
2k 



Aif)d+d-p + d^?pd + ip + ^Ae 2p 



(2.5) 



This representation will be useful later on in comparing our results to the super- 
symmetric case. 



Eq. 



has the solution 



p — - la 
H 2 



flf- 



ttG|A| (/+ - sgn(A)/_ 



(2.6) 



where f± = f±{x ± ) are two arbitrary functions of the coordinates (x + ,x~) (where 
(x^ — (x ± t)/2), and ' means derivative with respect to the functional argument. 
The arbitrariness in the functions f± corresponds to the freedom to choose coordi- 
nates. Indeed, the metric associated with (12.6!) is 



ds 2 



dX+dX- 



(2.7) 



It is always possible to write the metric ( |2.7| ) in static coordinates by making 
the coordinate transformation 



ttG|A|(X+ -sgn(A)X-) 2 
where the coordinates X ± have been chosen so that X ± = f±. 



X 



i±i 



yielding 



ds z 



: ±e 2 V^\t[f(y)y 
4nG\A\f 2 (y)dt 2 + (f'(y)) 2 dy 2 



7rG|A|(/ 2 + sgn(A)) 2 
To write the metric in Schwarzschild-type coordinates we must require 

JJ = ±1 



^G|A|(/ 2 + sgn(A)) 2 
which after solving for f(y) gives 



(2.8) 
(2.9) 

(2.10) 



ds 2 



Adt 2 ^ 



(2.11) 



where 



B 



A = 4[(c - sgn(A)c J ) ± J7rG\A\y(l - 2sgn(A)c) -nGAy 2 } (2.12) 
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and where c is an arbitrary constant of integration. Choosing c = sgn(A)/2 to 
eliminate the term linear in y yields 

tfH^-^ + ^^jp (2.13) 

which is the generic form of the metric of a constant curvature spacetime in Schwarzschild- 
type coordinates. 



For positive A this is the metric of de Sitter spacetime 

^ 2 = -(l-^ 2 K 2 + I ^ ? (2.14) 
whereas for negative A, we have 



which is the metric of a (1 + 1) dimensional anti de Sitter black hole || ||. Locally 
this metric is equivalent to 

^ 2 = -(f|A|y 2 + l)^ 2 + f|A ^ 2 2 +i (2.16) 

which is the usual representation of the anti de Sitter metric in static coordinates. 

We can extend the previous solutions to include the effects of a single point 
particle, whose stress energy is given by 

T iiU = m J dT-J=g^ a g u p < ^'^5 {2 \x - z(r)) (2.17) 

with 2 M (r) being the worldline of the particle. Choosing a frame at rest with respect 
to the particle, the trace of the stress energy is 

T p = —2me~ 2p 5(x) (2.18) 

in conformal coordinates, x = being the location of the particle. The field equa- 
tions ( |2.2|) then become 

d + d-p = --Ae 2p + ^5(x) (2.19) 
8 4 



or more simply 



p"(x) = -^Ae 2p + MS(x) (2.20) 
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with M = 2irGm. 

Setting a 2 = f |A|, equation ( |2.20| ) has for A > the solution 

p = -In (cosh (a | a; | +b)) (2.21) 
where tanh(fe) = — In Schwarzschild-type coordinates the metric ( |2.21| ) becomes 

where C = 1 — If A < 0, the solution can be chosen either as 



In (cos(a|ar| + b)) (2.23) 



where tan(6) = or as 



p= -ln(sinh(a|x| +b)) (2.24) 
where coth(fe) = — |^ . In Schwarzschild-type coordinates these become respectively 

*" = + 2M ^ + c >* 2 + ww^mrc < 225 > 

where C — 1 + |§ and 

^ = -<= |%* + 2M M - O)*. + my ^i M _ c (2-26) 
where C = 1 — 

The solutions ( |2.22| ), fl2.25| ) and ( |2.26| ) have been discussed previously in ref. 
|J. For positive M and C, the metric ( |2.22| ) describes a point mass in de Sitter 
spacetime. If M > but C < 0, then (|2.22j ) describes the (1 + l)-dimensional 
analogue of Schwarzschild de Sitter spacetime: there is both a cosmological and an 
event horizon. The metric (|2.25| ) is that of a point mass in anti de Sitter space, and 
the metric in ( |2.26| ) is the (1 + 1) -dimensional analogue of a Schwarzschild anti de 
Sitter black hole provided C > 0. 



3 Cosmological (1, 1) Dilaton Supergravity 

We consider next in superspace a theory of (1, 1) dilaton supergravity in two di- 
mensions with a cosmological constant, L. We use light-cone coordinates (x*,x = ) = 
^(x 1 ± x°) and (6 + , 6~). The action is given by 

I c = -- / <Pxd 2 9E- l N + $V-<$> + <S>R- AL) (3.1) 

K, J 
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where $ is the dilaton superfield, R is the scalar supercurvature, E = sdetEj^ , the 
superdeterminant of the vielbein, and V± is the supercovariant derivative, defined 
below. (As in H, we choose this particular action since the dilaton decouples from 
the evolution of the matter system in this case, giving a theory that most closely 
resembles a supersymmetric analogue of two-dimensional general relativity.) 

The solution to the constraints on the covariant derivatives is simplest in confor- 
mal gauge. The covariant derivatives, Va = Ea M D M + ujaM where uja is the spin 
connection, are expanded with respect to the standard flat supersymmetry covariant 
derivatives, Da = (D + , D_) = (d + + i9 + d^, <9_ + i9~d-). However when we consider 
the superparticle coupling, the natural description will be in terms of forms, and 
so we choose as a basis the ordinary derivatives 3m = (<9 m ,<9 M ), where we write 
Va = £a M 9m + ujaM. We solve the constraints in conformal gauge in terms of the 
D's and change to the other basis afterwards. The (1,1) supergravity constraints 
H [IIJ are 



{V + ,V + } = 2zV* , {V_,V_} = 2zV = 
{V+,V_} = RM 

T +t A = T_ = A = (3.2) 

where the covariant derivatives are determined in conformal gauge in terms of the 
compensator superfield S, as 

V + = e s [D + + 2(D + S)M] , V_ = e s [D_ - 2(D_S)M] 

R = 4e 2S D_D + S (3.3) 

from which we can read off the elements of Ea M and compute E~ l = e~ 2S . 

In the preferred basis we calculate the elements of &a M ■, and inverting this matrix 
we obtain 



c A 



e- 2S 2ie- s D + S 

e- 2S 2ie~ s D_S 

-ie~ 2S e + e" 5 (l - 2{D + S)6 + ) 

-ie- 2S Q- e~ 5 (l - 2{D_S)9~ 



(3.4) 



Therefore in conformal gauge, the cosmological dilaton supergravity action becomes 
I c = / d 2 xd 2 9(D + $D_$ + 4$D_D + S - Ae~ 2S L) (3.5) 

K J 

The equations of motion are 

$ = -2S (3.6) 

D_D + S = e~ 2S L (3.7) 
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Thus the dilaton is expressible in terms of the compensator S, which satisfies the 
usual superLiouville equation. 



In order to recover the component action of (|2.5|) , we identify the components of 
the superfields by the theta expansion (dropping the fermionic fields), 



S 



p + ad + d~ 



which yields 



d 2 x 



-ipd±d=p + -d^d^ - <p 2 - - 8aLe p 



(3.8) 
(3.9) 

(3.10) 



from the superspace action ( |3.5| ). Upon elimination of the auxiliary fields cp, a via 
their equations of motion, (p.lOj) becomes 



Ic = tJ lf2 - r 



Aipd t d = p + d = ^d t i/j - 16L 2 e 



(3.11) 



which is equivalent to Q2.5| ) provided A = — — L 2 . Hence only the action for anti 
de Sitter spacetimes is recovered. Alternatively, inserting the superfield expansions 
into eqs. ( |3.6| ) and (|3.7[ ) yields after some manipulation 



d*d=p = 4L 2 e 2f > = -^Ae 2p 
8 



(3.12) 



which is the Liouville equation 



The form of the solution to the superLiouville equation ( |3.7|) that we find most 
useful is given by J7|. We write the result so that it corresponds more closely with 
the bosonic result in HBfl and find 



S 



In 



{D + F + ){D_F_ 



2L (Ft -F = - iF+F. 



(3.13) 



where F + = F + (x*,9 + ) and F_ = F_(x~,9 ) are spinor superfields, with D_F^ 
D + F_ = 0, and J 7 ^/- satisfying 



iF + D + F + 
iF_D_F_ 



(3.14) 



These equations are solved by 



f = ±i9-\-Jd = f._ 



1 + 4A" 



,<9 t A+ 



1 + a- 



.d = A~ 



£ + + A+ 



A" 



(3.15) 



where = /^(x*),A + = A + (x*),/ = = f=(x~) and A - = A~(x = ). It is straightfor- 
ward to show using eqs. (|3.15| ) and (|3.8|) that the leading term in the superfield 
expansion of ( p.!3[) is given by (|2.6|) . 

Since the functions A ± and f±/ = are arbitrary, we consider the following special 
case: we simplify the expression ( |3.13|) by choosing coordinates so that 



D+F+ 



Upon insertion of (|3.15|) this yields f±/= = ±x*/~, \~ 
Aq" and Aq are anticommuting constants. This gives 



(3.16) 

Aq and A - = zAq , where 



S = - In 

2 



2L(x* + x=+ i(6 + \+ + 0-\ o ) + (0+ + A+)(0- + A )) 



(3.17) 



for the compensator. The significance of this expression is perhaps more easily un- 
derstood if we examine it in terms of component fields. We follow the procedure 
given in || |l(| in which we choose a Wess-Zumino gauge such that the superconfor- 
mal gauge (E± = e s D±) is compatible with the ordinary x-space conformal gauge 
(e™ = e p 5™ in appropriate coordinates). Using these results, we write E a in com- 
ponent conformal gauge as 

E+ = e s D, 



[ e -i/4 + - 0~il> = -) + \e + 6-e 1,A (iA + 4> = -iP± + )]D ± (3.18) 



and then Taylor-expand e s so that we can identify the gravitino ip- ) and the 
component auxiliary field of the supergravity multiplet, A, by comparing powers of 
9. 



Carrying out the expansion, we find 

p-p/2 _ 



2L(x* + x=) 1 + 



Ao \ 



2L 



2L 



A 



(x* + ar 
-4iL 



2(x* + ar) 
(A + + Ao ) 

(a o + " A ) 



(3.19) 
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for the component fields. Note that the presence of both gravitini fields is needed 
in order for the correction to the conformal factor p to be non-zero. The metric in 
Schwarzschild coordinates can be found by transforming to static coordinates 

x*/= = ±e 4Lt [f(y)) ±1 (3.20) 

as in the bosonic case, and transforming the component fields appropriately. For 
f(y) g iven b y 

f(y) = 8Ly + 1 (3.21) 



which is the solution to (|2.10|) with A < 0, we obtain the supersymmetric analogue 



of the (1 + l)-dimensional black hole ( |2.15|) . 



Superparticle Coupled to Supergravity in Su- 
perconformal Gauge 



We consider now the general action for a massive superparticle coupled to (1, 1) 
"R=T" dilaton supergravity in two dimensions. We reproduce here the relevant 
section of 0, as the necessary steps for obtaining the equation of motion for the 
compensator superfield are the same, in this case. The action is H 



dr 



— 1 • M 



lM c ± -N c - 

z &m z Cn 



+ Z Cm J- A + T 



(4.1) 



where T is a general gauge superfield for the Wess-Zumino type term, and g is the 
einbein on the worldline of the superparticle. With Va = Va + ^a, including now 
the gauge field, we have 



[V A , V' b } = T AB C V C + RabM + F AB 



(4.2) 



which defines the torsions, curvatures and gauge field strengths, respectively, where 

9[m£n) A = Tnm A + k 
constraints on V are 



0[ M £n) A = T N m A + U[ M N) A , and F AB = V[ A T B ) - T AB C T C , with {r A , T B ] = 0. The 



-iv+r + , r = = -iv_r_ 
= f_+ = v+r_ + v_r+ 



(4.3) 



and all other F's are zero, consistent with the Bianchi identities 0. The action is 
K-invariant under transformations of the coordinates in curved superspace provided 
that the supergravity constraints and those on V are satisfied. 



The action for the superparticle in superconformal gauge is 



I P = mJd A zJ dr \g- x Zv M £ M *z G N E N = + z M £ M A T A + 



S(z-z {r)) (4.4) 
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where z = (x,9) are the coordinates of the superspace, and z (t) = (x (t), 9 (t)) 
are the coordinates of the superparticle. Defining {V + , V + } = 2iV$, and similarly 
for =, we find the constraints on T in conformal gauge to be 



r = 

o 



-ie s \D + T+ + (D+S)T + 

-ie 5 [D_r_ + p-£)r_ 

Dje- s T) + D(e~ s T_ 



le 



-25 



(4.5) 
(4.6) 



Substituting for £ and V we obtain 

I P = m J ' d A z J dr{g- 1 e^ s (x * + i6 + e + )(x = +t6 -6 ') 



+ te- s (x * + i9 + 9 ^)[(D + S)T + - D + T, 



+ e 



-S/ 



?„ T+ + 0Q T^ + ^\5(z-z (r)) 



(4.7) 



It is convenient to define G a = e s T a and include fl4.3|) in the supergravity action 
by means of a lagrange multiplier, A. We obtain 



and 



m I d A z / dr 



g-^ixo* + i9 + 9 ' )(x = + i9 ~9 ) 



+ i(x * + iO Q + 9 + )D + G + + i(x ~ + i9 ~9 )£>_G_ 



#o G + + #o C- 



8(z - z (t)) 



I c = --[d 2 xd 2 9[D + §D_§ + A<&D_D + S-Ae- 2S L 

K J 

+ K\e- 2S (D + G_ + D_G + - ie~ 2S )} 



(4.9) 



We now perform a change of variables in the superparticle action, by first explic- 
itly writing it in terms of xo° and Xq 1 , and then making the gauge choice xq° = t 
(static gauge) so that ^ = = x . We also relabel z M = (x°, x 1 , 9^) = (t, x, 9^), 
so 



|) becomes 
I P — ml dtdxd 2 9 / dxo° {g _1 e~ 



is 



+ i 



(l + x )+i9 + 9 i{l-x )+i9 9 



D-G- 



(1 + a? ) + i9q + 9 J D+G+ +i - x ) +i9 9 

+ 9 + G+ + 9 ~G„ +!}*(*- x °)6(x - xo(x °))S(9 + - 9 + (x °))6(9- - 9 Q -(x )) 

(4.10) 
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and doing the Xq° integration gives 



m J dtdxd 2 9 V 45 [±(1 + af ) + i9 + 9 + ] [§(1 - x ) + i9 ~9 



+ i 



±(l + x )+i9 + 9 D+G+ + i ±{l-x )+i9 9 



D-G- 



+ 9 r G+ + 9 G_ + ^\5(x-x (t))5(9 + -6 + (t))5(6- -0 O ~(*)) (4.11) 



From the sum of (|4.9| ) and (|4.11|) , we obtain for the equation of motion for S 

D_D + S(z) "~ 2S 



e " J L 
Km 

~T 

Km 



dt' {g-'e" 43 [|(1 + x ) + i9 +9 + ] [|(1 - a? ) + ^ ~^o 



7r*e- 2S 



8{x - x (t))S(9 + - 9 + {t))8{9- - 6 Q -(t)) 



(4.12) 



where vvr 2 



1 — xq for a free particle. 



In solving the above equation for S, we strictly speaking must include the con- 
straint on the G's as well, in order to have a real solution. Unlike the previous 
superparticle case of 0, where the superparticle was allowed to move freely and S 
vanished on the worldline of the superparticle, this case is more complicated. We 
now have a non-vanishing compensator, and as a consequence, the constraint on 
the G's is now non-trivial. In the next section, we look only for solutions with the 
superparticle held fixed. 



5 Solution for Compensator 



To solve for the compensator S that describes the supergravity generated by a su- 
perparticle in the presence of a cosmo logical constant, we consider the superparticle 
to be stationary and fixed at the origin (xq = 9 = 0) to begin with. We find the 
solution for a superparticle located at a general point (x , 9 ) by a supersymmetry 
transformation of this simpler result. In this case, ( |4.12j ) becomes 

e 2S D_D + S{z) — L = K5{x)5{9 + )5{9-) (5.1) 

where K — and Vtt 2 ' = ± for xq = 0. We rewrite the equation in terms of 
T = e 2S 

TD + D_T - D + TD_T = -2T(L + K5(x)5 {2) (9)) (5.2) 

where we have set xq = 9q = 0. We solve for T by doing a 0-expansion, T(x, 9) = 
A(x) + B + (x)9 + +C-(x)9~ +D(x)9 + 9~ , substituting into (|5.2|) , and matching powers 
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of 9. (Note that 5^(9) = 6 + 6 .) We find the following four equations as a result: 



9° 

0- 



—AD - B + C- = -2LA 

%AC- - 2DB + - iA'C_ = -2LB^ 

iAB'+ + 2DC- - iB+A' = +2LC- 



(5.3) 
(5.4) 
(5.5) 



6+6- : AA" - 2iB + B' + - 2iC_C '_ + 2D 2 - A' 2 = 2LD + 2KA5(x) (5.6) 

where the prime denotes derivative with respect to x. 

The detailed solution to these four equations for the component fields of T is 
given in the appendix. One solution is found to be T{x,6) = A(x) + B + (x)9 + + 
C-(x)e~ + D(x)9+9-, where 



2Lc cos( 



\X\ — C\ 

c 



)+7 



2Lcq 2 + C3IXI sin( 



\x\ — Ci 
c 



) + c 3 c cos( 



\X\ — Ci 

c 







(5.7) 


B + 


\x\ — C\ 

= 2Lc [ia + f3e(x) sin( )] 

c 


(5.8) 


C_ 


\x\ — C\ 

= 2Lc \ae(x) sin( ) — i(3] 

c 


(5.9) 


D 


= 2L[1 — 7c cos(— — )] 

c 


(5.10) 



where a and (3 are arbitrary Grassmann constants of integration (7 = aj3) and the 
Cj's are ordinary integration constants. This can be put in closed form, which we 
understand by a Taylor series expansion, as 



T(x,6) = 2L(6 + -i(3co){8- -iac )+2Lc (l+^-) cos 



c 



2Lc 
(5.11) 



x 



The second solution for the superfield T is T(x, 6) = A(x) + B + (x)9 + +C-(x)9 + 
D(x)9 + 9~, where 



2Lc sinh( 



\x\ — C\ 

c 



-7 



2Lc 2 + c 3 \x\ cosh( 



F| — Ci 
c 



) - c 3 c sinh( 



\X\ — Ci, 

Co ' 







(5.12) 




= 2Lc [iae(x) cosh( ) — j3] 

c 


(5.13) 




X — C\ 

= — 2Lc [a + i/3e(x) cosh( )] 

Co 


(5.14) 




= 2L[1 - 7 c sinh(^^ - Cl )] 

Co 


(5.15) 
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In closed form, this is 



T(x,6) = 2L(^ + -«co)(r+/?c )+2Lc (l+^)sinh 



X ~ C U . • n+ -on- C 37 | | 



c 2Lc 

(5.16) 



As mentioned at the beginning of this section, general solutions for the case when 
the superparticle is located at an arbitrary point (x , 9 ) can be obtained by a super- 
symmetry transformation of the above results. Performing a finite supersymmetry 
transformation on Q5.11 ) with the usual generators P and Q gives the new T 

e i( x *p t + x =p^+e+Q + +e^Q^) T ^ x ^y-i(x*p t +x=p^+e+Q + +e^Q^) 

= T(x-x -i(6 + 6+ + 9- 9 ),6 - 9 ) 

= T{x',6') (5.17) 

where T(x',6') = A(x') + B + (x')9+' + C7_(a/)0-' + D(x')9+'e~'. Defining X = 
x — Xq — i(8 + 0Q + 8~6q), we can write the transformed solution as 

T(x,9) = 2L(6 + - 6+ - i{3c )(6- - 6 - iac ) (5.18) 



+ 2Lc (l + |^)cos 



c ' 1 y u y v 2Lc 



where 



\X\ = \x-x Q -i(6 + 9£ +9~9q )| (5.19) 
= \x- x \ - i(6 + 6 + + 6-e -)[Q(x - x ) - 6(x - x)] + 26 + 6-6 Q + 6 Q -5(x - x ) 

The shifted hyperbolic solution is obtained in a similar manner. 

The solution depends upon the parameters xq, Oo, a and (3. In particular, the 
gravitino field is found to be 

^ + = -40+±yfX^E^+2i B+ + D9 ° 
dx -'A-C-6, 



o 

d r. ~ ~~ „ . C_ - £>0n 



^" = 4BZ-^-ijA-B + 6$-2i y (5.20) 
dx - B+6+ 



where A — D are given by ( |5.6| ) with x replaced by x — x . The parameters a and (3 
are arbitrary constants of integration. We note that choosing them to be zero makes 
the gravitino field proportional to 8q. This is not surprising since the superparticle 
component supercurrent - a source for the gravitino field - is itself proportional to 
6q. For general a, (3, it is possible to choose 9q so as to make one of the gravitino 
components vanish, but except for the case a = (3 = 8q = 0, the gravitino field is 
nonvanishing. 
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The non-triviality of the solutions can be seen by calculating the torsion T±^ a , 
which is proportional to R and obviously not zero, or the torsion T$- a , which 
is proportional to V±i? [IU|. The latter can be shown to be non-zero, even when 



a = (3 = 9q = 0. Hence our result has the requisite non-zero torsion, and is therefore 
not just a gauge transform of a purely gravitational solution in dilaton gravity. 



6 Schwarzschild Gauge 

So far we have used the superconformal coordinates z = (x, 9) to parametrize the 
superspace. To facilitate comparison with the results of ||, we transform now to 
superspace coordinates w = (u, A) that correspond to Schwarzschild gauge, in which 
the vielbein of the bosonic subspace takes the form 



e a 



y/a 
^cT l 



(6.1) 



For simplicity we shall set C3 = throughout. 



By analogy with the bosonic case, the supercoordinate transformation that takes 
us from z = (x, 9) to w = (u, A) for T given by ( |5.11| ) is 

2L(\x\-c 1 ) = tan~ x [4L(H + <u )] (6.2) 

0+ _ ii. 

\+ _ U 2L (q o\ 

^tan[2L(|x| - Cl )] + a6+ + f36~ K ' J 

a— ia_ 

±tan[2L(\x\-c 1 )] + a8+ + (39- K ' J 
and the transformation from superconformal to Schwarzschild coordinates for T of 



( gT6|) is 



2L(|x|-ci) = coth~ 1 [4L(|u| +u )\ (6.5) 

9 + - — 

^coth[2L(|o;|-ci)]+«730+-ia0- K ' J 
9- + 

±cotb.[2L(\x\-c 1 )]+ip9+-ia0- ' K ' J 



The transformations (|6.2j ) and (|6.5|) are those which bring the bosonic part of the 
vielbein into a form which reproduces the supersymmetric extension of the metrics 
Q2.25D and ( |2.26|) respectively. The latter case corresponds to that of a super black 



hole. When applied to remaining part of the vielbein, these transformations yield 
expressions for the gravitini and the auxiliary fields once a component expansion is 
carried out. We shall not reproduce these expressions here. 
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7 Summary 



We have obtained several new exact solutions in (1 + 1) dimensional supergravity 
in superspace. By coupling a superdilaton to supergravity as in ( |3.1| ), we are able 
to construct a theory in which the stress-energy of supermatter generates super- 
curvature, without any influence (classically) from the superdilaton field. If the 
supermatter is chosen to be that associated with a cosmological constant, we find 
that the cosmological constant is necessarily negative. Two exact solutions to the 
field equations are then obtained. One is a supersymmetric version of anti de Sitter 
spacetime. The other is a supersymmetric version of the anti de Sitter black hole 
discussed in refs. [§, §]• 

Once a superparticle is coupled to the system, the situation changes. The con- 
straints on the gauge superfield T are no longer trivial (as compared to the case with 
zero cosmological constant), and so solving for the compensator becomes somewhat 
more complicated. Two exact solutions are again obtained, which are supersymmet- 
ric analogues of their bosonic counterparts ( |2.23| ) and ( |2.24| ). The latter solution 



corresponds to a massive supersymmetric black hole in anti de Sitter spacetime; it 
can be considered the supersymmetric (1 + 1) dimensional analogue of Schwarzschild 
anti de Sitter spacetime. 

We have been able to obtain exact superspace solutions for the cases we have 
considered. The role these solutions play in two-dimensional quantum supergravity 
remains to be studied. 
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A Appendix 

We solve the four equations in the text for the component fields of T (A, B + ,C- 
and D). In doing so, we find it convenient to rewrite (|5.3|) - (|5.6|) as follows: 

D-2L = (A.l) 
A 

^X) = -^(D-L)?± (A.2) 

= 2ip-L)§ (A.3) 
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A" A' 2 B+B' C-C D 2 D 1 r/ . , A . 

7-l- 2i TI- 2 'lT = -2^+2L^ + 2 VW (A.4) 

We stress that some care is required in performing algebraic manipulations on these 
equations, because of the nilpotent nature of many of the quantities involved. 

Multiplying (|A.2|) and (|A.3|) by appropriate factors of either B + /A or C-/A, we 
find 

(A.5) 

(A.6) 
The sum of these two equations can be written as 

B+C - (A.7) 





)'*t 




) A 




)- 


A , 


1 A 



A 2 



which implies that 

^ = 7 , (A.8) 
where 7 is a nilpotent constant, so that ( |A.1| ) becomes 

D - 2L = -7 A (A.9) 



We return now to the fourth of our original set of equations, (|A.4 ). Rewriting 



the ratios of the derivatives, and using ( |A.2| ), ( |A.3| ), and ( |A.9| ), we obtain 

AA" - A' 2 = -2(-fLA + 2L 2 ) + 2KA5{x) (A. 10) 

Following the bosonic example, we let A = A(\x\), and substituting (where now the 
prime denotes derivative with respect to the argument of A) 

AA" + 2AA'5{x) - A' 2 = -2-/LA - AL 2 + 2KA5{x) (A. 11) 

Matching the ^-functions, we get 

A(0)A'(0) = KA(0) (A.12) 
AA"-A' 2 = -2-/LA-AL 2 (A. 13) 

To solve (|A.13|) , we expand A into its ordinary and nilpotent parts, A = f(\x\) + 
7g(|a;|), and solve for / and g separately by matching coefficients of 7. We find then 
at x = 

/(0)/'(0) = Kf(0) (A.14) 
/(O)0'(O)+0(O)/'(O) = Kg(0) (A.15) 
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In order to have a non-trivial solution, we assume that /(0) 7^ 0, and g(0) 7^ 0, and 
obtain 



f'(0) = K , g'(0)=0 

as well as 

ff'-f = -4L 2 
fg" + gf"-2f'g' = -2Lf 

Note that QA.17 ) is just the bosonic Liouville equation for /. 



(A.16) 



(A.17) 
(A.18) 



Using standard techniques, we find that there are two sets of solutions that give 
physically interesting results. We detail the first set here (the second one appears 
below). We find for / and g 



f(\x\) 

g(\*\) 



2Lc cos( 



\X\ — C\ . 



c 



(A.19) 



2Lcq + C2 sin( 



\X\ — C\, 

CO ' 



+ C 3 



\x\ + Co cot( 



\x\ — Ci , 

CO ' 



sm 



\x\ — Ci . 



c 



(A.20) 



where the Cj's are arbitrary constants of integration. From ( |A.16|) , we determine 
and C2 = 0. We find that C3 is arbitrary. (Note that choosing 



ci 



sm — 



1 / Km ' 



32L- 



Co = 27; gives correspondence with the bosonic solution.) 

Having determined A, we can now find D in terms of /. We find 

D = 2L - 7/ 



(A.21) 



We turn now to solving for B and C. Using (|A.1|) in ( |A.2|) and ( |A.3|) , and also that 
^4 = / + 7$, we have 



'?1 
f 



(A.22) 
(A.23) 



By using the Liouville solution for /, ( |A.19|) , and defining p = -y- and q = ^j- 
( |Q2D and ( ggg ) become 



1 



P 



Co cos 
i 



k|-ci ' 
co 

1 



Co COS 1 



H— ci 



-p 



(A.24) 
(A.25) 
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These can be solved through a change of variables, P = p + iq, Q = p — iq where 
P' 1 Q' 1 



P cocos(^) ' Q 



c COS 



• \x\-ci ' 

c ' 



(A.26) 



By looking separately at x < and x > 0, we find that the solutions can be 
written as 



X 



l + £ ( x ) sin (Mz£i) 



cos 



c 



Q 



1 - e(x) sin(Mz£l) 



cos(^i) 



(A.27) 
(A.28) 



where = Q(x) — Q(—x), Q(x) is the Heaviside function, and x an d £ are 

arbitrary nilpotent constants. We solve for B and C from this, defining \ + £ = 2ia 
and x _ £ = 2/3, and find 7 = af3. 

Collecting all the component fields, we reconstruct the superfield T as T(x, 6) = 
A(x) + B + (x)9 + + C-(x)e~ + D(x)9 + 0-, where 



2Lc cos( 



\X\ — C\ 
Co 



)+7 



X — Ci . 



2Lcq + C3 |a; I sin( ) + c 3 c cos 



Co 



Co 



fi+ = 2Lc [ia + (3e(x)sin(— — )] 



Co 



C- = 2Lc [ae(x) sin( 
D = 2L[1 — 7C0 cos( 



\x\ — Ci 
c 

|x| — Ci 
c 



)-^] 
)] 



(A.29) 
(A.30) 

(A.31) 

(A.32) 



This can be put in closed form, which we understand by a Taylor series expansion, 

as 



T(x,6) = 2L(6 + -if3c )(9- -iac )+2Lc (l+^-) cos 

Zlj 



The second solution for / and g is given by 
\x\ — C\ . 



\X\ — Ci 

c 



)-(36 + - a0- - 



c 3 7 



f(\x\) = 2Lc sinh(^ -) 



c 



X — Ci , 



= -2Lc + c 2 cosh( ) + c 3 



c 



c tanh( 



\X\ — Ci 

c 



) — kl 



2Lc 
(A.33) 



(A.34) 

XI — Ci, 



cosh( ) 

c o 

(A.35) 
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and again the q's are arbitrary constants of integration. As before we find C\ = 
2^ cosh _1 (^) and c 2 = 0. In this case 



P = X 

Q = £ 



'e(x) cosh(fci) - 1 
sinh(^i) 

e (x)cosh(J^) + l' 
sinh(^i) 



(A.36) 
(A.37) 



with x, £ arbitrary nilpotent constants. We solve for B and C as above, with a and 
(3 defined as previously. 

Putting it all together, we obtain the second superfield T as T(x, 9) = A(x) + 
B + {x)0 + + C_{x)0- + D(x)9 + 9~, where 



2Lc sinh( 



\X\ — Ci 

c 



)-7 



2Lc 2 + c 3 |x| cosh( 



\X\ — C\ 



) - c 3 c sinh( 



\X\ — Ci 



£? + = 2Lc [iae(a;) cosh( 



F| — Ci 
c 



C_ = — 2Lc [a + i(3e(x) cosh( 

M — ci 



D = 2L[1 - 7c sinh(- 



c 



c 


c 




(A.38) 


Cl )-P] 


(A.39) 


; j£L^)] 


(A.40) 


Co 


4] 


(A.41) 



and once again 7 = a/9. In closed form, this is 
T(x,9) = 2L(9 + -ac )(9-+Pc )+2Lc (l+^y)smh 



'•'I c \)+ ia0 +-if39- 



Co 



2Lc 
(A.42) 
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